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t 1^1 \ ELD 

5 Ihc < ' , , < el s i j s v < 

me > , u m 

Due of the problems that ^ oboe be overcome i n a we'eiess commimioadoo system 
10 u J I < ) v ! i ) m t 

• f k i )v i 1 » v. ^ e 

Clie signal may reach v receiver by a direct path &om the transmitter and also by > or more 
th 5 p ! i < i iu 1 mvci bm 

envm > >^ ^ si <, 

15 c > > signs < s l> v \^ 

) dv plmssm oi i;e v <. « s s k \ * \u J x «i. m ; a ad u oi 
v jkw 1 m < ' s me s s oi Mm lo ci s ( * . s v> < ,e \ 

; ; l i 4 s r < mis m, em ! ou^ i^i ih 

U v. ( . S v. S f « < i s > 

2i> ! < it f m is 

may be referred to as noodresmmmy mkeuve or Mlaf' msitrpatb fading, Mary tecimiqaas 
exist tor < Sa< dealing wUh bequeneye;ek;ee ve nudts-path fedam However, there is a 
rased for methods sad ) uik that are capable of addressing flat i id t I 1m. 
particularly in .systems that utilize ^ teohaiques, 
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J v : < ' A > >a * r r ap u , a. 

v s i > v i! ik>. us u ui, c 1 ' ti, en 

Fig. 3 1 a table bbarpadag exaaopie aabearner preambles > may * used < a FllMO 

5 n« ' < » < * ^ > n k > ^ a a an 
aittFaaFeaaP rbb.be praama brvamrkag 

> ^ \ v > I 1 si. ' v > a - - > v 1 \ 

Si < >< i >! ! » < . 1 t i <. 

Fig. 5 F a block diagram bFaia^bag an eaar.apie OFDFf taaarnbaa arraiayaroeatbmt 
10 m > t f ' < * > <. u 

Mvepbom 



th l - svs b> n \ hosnabo spa ifb em nas ia ^ dab the oven b? mm Fa 

nitds t i >!i ! • >a 

at o oa s * a > e ua m x < P \ s K nu-s oo i a > ma > mU\ t a oi r i 

t \ em > ' ' 1 i u a 

20 < g ^ !t , * e ^ < mi ,eu a a a a * ) t 

, F > |» n-. ml , , < 1 IM < U'< * > ! \ ! f !i s > 

aad scope of die aivaadoa. -a adddioa, d - to be - el i a a ■ .< , m>< or aoaageampi 

O- , i > 5 < * KX < ).!' 

baaadm spirit aad mope oiFbe amenboa. The ioFoasag desaimi descrgaam is, > em t 

25 ! a >. I > ! 1 ^ Ci > < 

J 1 i , a p elaaap , , \ l <\ aloag asih die bad raage of equivalents to 

aaaab dig claims ara ma Lb a as. like s! m refer to (be suae or saiuU: 
a it., oi , u < > * , v 5 s 

Fig, 1 is s bioek diagram bbmrabag aa emaaple orbmgoasj freooeacy divrsioa 
3d muHipteabg '(OFDM) u f - k arraageo^st Id m aaaordariee U aa eafoodaaem of the 
s .s vi \ v aa- ^'f MP ,o tP i> a ! V \ v iHte? <> oo$ '< 
sm n ; ' \ * > i 5 d, p i'J ntutii'^ 
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tCuH i \t , oao hUCS. 15 rd 0 e- >i 0> T r -> >| mm I xvvea 

n - V < t x < y> nhoft 

uvi; \W *■ i "> a - - \ N^den 

( i < , $ v. > X i < s Idi X } l\ 0" >> > 3 

5 may be used ftashahtpg for example, bmary phase shift keying (BPhFfts ipaadnuore phase shift 
hey^g 'Wi J 16 v* \ i mo i i ' o i >' a > i > QAM). 64 QAM, aad/or odmon A 

! ! fJ I sal , KAu x ^ > 

pb v. s ,oi x i J Jt* > <. x 

! 1 ' v S J ,<> < X < < X x « ' X > ' U 

IE) ^ , i < i \>m in. x ; , >^ 

The phase shift: < > i2 applies a suhcaonas dependent phase shift to each of the 
mo<hhado ahois X * < ( » apl > t ^ h the ph shift 

f a ,i » > x , *, * v ^ a \ j * s * \ - x u ^ v p , wta ; < v > ( t 0 i 
wiib he symbol \ t a oha.xe shift do to symbol X; a < la deyanadent nj n the subeamox- 
la < t 5 <> ? l x x i f f a * ! < 

i x t i i*' vis u i c jk uhv i i< x » e<k k ii 

h < t *- » i U u < f x ' <>> o mo I tK 

dee.aee ssgeai to harm, the OFDM symbol, to bo m i^' The OFDM sys'oboi is then mpu 
m j » » > * I ft a P< ti \ 'Hi's < xx i 1 

20 1 'x m 

' ^ 3 a n a ; < < ' 

1 o i m, * arrangement 1 0 .as encoded > be used in a seDdpie eaes-nft i *v > < 
- i . H, us j s x , a s i a < f iOm 

< ! 1 ' x x< ! s > ' > <> < V x> t 

2a tl x ft' ' s > ! u > <» i » 

these sabearvier dependent phase shifts to the moduiateao syn:Vb«bp a wlteiess darnel thai is 

a a •>> >, s k. ^> > ix>>>- ^ 

id a \ < - a o 5 x i < < i u iiu 

\ uv xs i sO \ >k o xox. 1 i ia ■* " r< - ss< - i 3 
30 to each of the -modulation data symbols mpm. thereto. .A. v;;r.aay oFd.affta-e.in apjaroaehes .may 
n f > < a i t s!'?)is < >e j 'tA-t m DD sad oo-xi » s. ,5 03 hi < ( . aprtx >, > ^o x s <x i 
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fo knys 

& % 

\ v. f t « i s i 'f t ( t >. * U f 0 O > V 

fha o >v ! s< < ! ! ! 1 * > 1 v 0 *> ens. > < pt x. o< >< « I v. i K 
i o> 1 i UK ,i , u a e . < , - v < <a 

la at kaA > saatbodaaonn features of the iaveahoa aea nopAmeaiad < a multiple 
50 ,p < * i* i ^ M \ v i ^ n s 0 

jWBm.it antaaaas are used to aaeaaab. into aaoreAax charetd Omar-pie input) aod nva.ApA 
receive aeiennaa ere aaed to reecaee die signal if era v wirekns ehaoaei 1 ' >\ mn 
AAA) tpsaaoa are eharaeieaaed by < abiidga in ifa preaeeee of rich < h to 

- ;vJ\ > K hi o , ( j ' ^ 

1.5 i > \ > v 1 n t ».« 1 ts ,* 

j \ e n t;o » a> «. e ' < ih e 

\ fjdi^ v v > < , > « v tb\>< -> UMO!! Adh.H\U, 

Ai '! s < ' t % < s 1 js 

t as, >n< j 0 h i < >^ ' ! . > ( 1 

20 V i > ! , 1 

transmit ok 4S. ; la addhioiy Oa arraagement 30 amPAea a. phase \ uah < > f is 
associated , the second mrasaet aateaaa 4A A A a a ! data symbols \ 

are received and are directed aloag patha associated" ( each of the > traosant w , 
3d A S, It; the that path atssocaned edth aatetma 30f no o > i\nu ! iM slmut 

25 , ^ i o a ^ " a i s o t 

them i a fteqaeaev domaio reprcnaAahon to a time domain repieseatahoa, A guard 
el* A then addod to < vane do.aia.rn Signal op tito til. addition mxi 34, The testtltmg 

v t j , < i o ; ! a j t iM 

hi &a aeeoad path (assooiatad witn. aatenmi 40). hie roodjdataaa daia symbols X s are &at 

30 t<>«. , ' 4htU ^, , u ' si 

s Hi ^ ^ s i a v * > j 5 t s > > > 1 i «. 
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S t 1 - „ ! < > i K W O f 6f t v ^ w UU 

~w\' ~on >afowns tu v u v \sO u- e m 1 ^ ' ? ^ - foom 
ir&mi £ < ! a 1 «. uii> >k h ik s ex ^ f u can be & 

\e < ; e may be applied (breach of the two Oonsmit antennas 38, 48. Although stewtt with 

! X , , ! i W s i , ^ 

(l > * * t . k I ' 1 i^i ,ik may 

ttt i ^ Ox ( i * u'. li * o 

apply of' » * *» * « * 

amdied for more horn coo anawyah araer.aa in thenwaowntenna arrangement with a dbferent 
sitbcarder dependent phase sequence befog used lot each 'u t< 

hi Mfcast one- MIMO based embodiment of the in vention, a set of orthogonal or ouaaf 
< «{ x>,o' > < < i x ^ < > lt - foot,, e 

? oo.w. * >h en A ao , . ^ e w;p> oi 

u< ou ^ t v » o o e > i > , i 

hVfoon uij^vmc ^ ! scshbmmp * sbn's v{! p 

(degrees) < applied s m tone to tone across each group of B tones associated with at least 

x I \ s nu ii k < j U b * U< Jt 

the sabcanaer preambles dan may be ased to enplemem t approaeh :n a MIMO based 
aonsmhtef annngenrer!? having two transmb araemiaa > accordance wuh an enfocfoh'nent of 
hi; invennom As blasuaawf the preambles 52 associated who the sfocamers of a 
, antenna (A NT ENNA 0 am not phase srbihM while ihe preambles 54 < > a < wind the 
v s i i v io.ro 

The «* rt - i < i divided into three dbremni coherence bands ■ (COHERENCE BAND \ 
ddD j < < » AO C t 

„ x he *■ > 1 * !< a u» - axeph - > u d 

- s n v t ! > ^ s;n^ ^\ pJ ( » i K< x -l 

ikk I o Id s a ; a a 1 w-fo > i 

u a> I i of i x \ . >n ontOvhu'O \ c 
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s » UsKnu s s ■> u k?- \ 5 ... o c - a 1 (t p 

> v k t « in U 1 . , , o.Cv i I v ^ t»e< ^ 

eok i ce band* lti\ it is bast to ? t < ... 

5 , ! ( ^ > S s * v i \ s s ^ 

(i t t » ! i i o ' < , ! i t > , ! n 

> ik b i 

I Ml' ' 1 v . s - i 3 s < 

i v t iv i ' )i i > ! s u i i , s v «. - '5 Thai 

!,() S > S) < ! < 1 5 % i N S V " " «- "> vil'l U 

st i v with suspect uo * ids;: ;uUeo.oa, where D is the cychc delay. This technique is 
^ J *\ 1 i re ™ , > i j 

,^ v » S i . d s s j v h Jo v ^ M 

IS „-> i ul ! ! > i 

{>< ! V v. 11 50 . i { t t si i t> v ) ! 

i>i>nii t >. m« i b vs j ^^Kuutt) is l n <si m S s mn 

)H ) i> K Ulfe hi I k J i v 0 - ^ a hi 15 •>, it > ! 

depeodem phases are selected :d ; sobcaniers associated veals at least one aseisn.ai. ammoa in a 
20 >f i x ' i ! > ' < t 1 

> s ' u ' \ v ^ * U i > v fc e< , i 

U 0 K i ' > 1 v > J < \ s. ! < bo 

- e , k > i - v i i i » > ' s ^ i 

1 * CO k - s ! < r> ; k <h i m n „ - << P 

'25 applied to a single aoieoea or to multiple anurias (usmg different saboanier phase 

! v > i I " i I PIO '>d' 

* \ ! 1v dl K I si i UtvH'l 

bventioo. The ooasoe 70 reap be used to fpsoorate transmit sigi^ais v hs>th MIMO based 
30 o x v - ! s !i < i * is 

usuv s n s t . , ns n v , n h 

< u ot'oausmnatderi Firs -eoda]ationsy.Dil ! s are acquired thai are io be a« 



tO A , ! ! i V I " v N V 0 U „ > v ^ b\ i 

\ ! ! r> ( 'v uo < n > ' n 1 

Tod i i *' O i j. ! » i , * * i 

l\ 1- it^Vi U i I 0 x > i i 

5 s> > ! ~ \ soco >hn^ s ss-^ix v i. > dependent 

sn< > a u 1 ^ rr & - ! 5 (. w gg die second symbol (block 76). An inverse di.scs.-ete 'Fourier 

*> JJ IO x Ua Si' 3 1 v ' i v > > 0 

h >< i< s u S ! » OV vs« -n L -> 05 b Co OV 

. { i S t i ' O ! • , < i ' ( s a >A N \ s 

10 !' < < < s < > N ! \ 

h.ai on dtor she i , > s 

U v 0 i ! ! > > ^ V * ! 

0<O a?<d » »s^» > u > > n M. K ' ) H . 

<> , lo » {' , > v , 

1.5 .Fig. 5 Is a block diagram 0 aa example. OFDM vnaismbier i ^ ■, t SO 

aces i lam > > raveoi > ei 

NO - <* X 0 i > Si! 1 ! K ( ! 

I )' *k ? * L f C f v.N » ) u >U Ol '.Ol^ulUnH i , > 

I N ! MKU n * v ' \' OU1 

20 i < I ! no ^> 00 ) k 

FEC coder 82 receives data at ao input thereof md codes > data based on a predetermined 
error cod-e. Any of a va riety of dmbreut < codea > be used. M mapper ' maps the 

>- > ^ " . \ s <• 1 * ^ J 1 

QAM, noi others) to <s e v > a. aerial stream * '< > i syosbob at < ouqmt out 

25 1 v ' s s « v ) i < I > , P » 

a pioralby of soauai streams 102. Any mnrrber of sjvmal streams may be generated \n this 
c,! > \ > i is n sO ^ 

rule: >. ,m\ Sb and steers o< as$ooiaced syobob to a inuober of aoteooa paths 104, i 06, \ 08 in 
a predetenvdBed > sua » \- at least one v ^ v s stoexing oolt 88 acbseves its 

1 t o* K i i c i > - > > < < ^ 'loiFiFl ' 1 ' ' < 

< on, cr? coaccpor.drag ^vhdc-fiO'a-x— hob Ooai a Ocop.eocy dotnair^jvoiortatson o- a Ouk 



e> ^ -o,v > '>> V jh n>\ ;B\ iu ^ if »f ^ ac„t ,t* x 

Cj e^e* <. cu 1 imo ' iv. «v t i » i i no 1 10.p n ! * is « 

5 guard . « \ i , > a * imit, as KP transmitter, etc). Airy number of astenna paths may be 
used. The number of spatial streams 1 02 .may s may not be #i to tbe numba? *> iftu i < 
paths 104, fObd 108. 

;5 j iidU! i > I N 1 • n 

10 in of «dv « , i > » , \ f s , ^ , , n n I 

selected as ' < \ < ' f at * o.us approach, aa additional matrix ( < U m n > 

! < ^ , 1 - < Si i. es - -1 

K->t f > < V IN ^ , < \ d .1 > v v O B 1 ,<> 

naenent < s pn <\> ^ fin Peplnnon ^n xry K < H v » v» m 
IS f * a m o^ ^ b h> a.. 
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hvpiseney, and r ; and r, are da lay s uasooxued ! aath eojreapomme amarasa paths. In dm 

<j , _ n< a v m > - . !N >* a < < ^ : ! < jiw t be m<mlxn m 

ti - » x S * o > s\ i ^ ,se . ' 

v ^ - n * i *. x . ne>,m<. 

dfSN V mp ee an Sxed - u watri foi ax opk i e Walsih mahda 

pj v p , 

I e-a i aa td nbadiaapp] ffcy «. n < esingma VP 
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t?,v n !' > d f i. i ! ' N il > M i i N 

>?tl> f > ipgd 5 e ^< , X « i 5 l V -s ^; o< w *s 

;;paaa: rovam. ' <. ! ^ have tbe * v order of % * arid B ; 

5 

SO f . , \ oti's >u 

\ v > > a - . t ! - » \ < •* 

> < ^varied rh» da 

ribed pi fpl < >o rp 

rmos svij 1 1 !<! 

1:5 rkv, , -\ , o v^I!k!sU'U os*y d m<\l a' m< r ^ ^ o 

^ < f i s i. i t < i > i ao 

tO ?ue- a t t s < ^ , , ! o > . 5 , 

,\ nn\ u h ^ „ ^ ui u > ! . - ^ \s 

I vSos- ee^ a . >. 1 > s - > nK- b ^Jhe-d vuu; ^ 

2!) », < jio^ X, iKHW'k n\ta ,e 0- Ml n n > aoa -UrCS JKVsOtl 

X , > M ! i < ft 1 f Oj - i *i 

bcodr; i be Oaxaaoruii > aaaae arid do not neeessaoiy \ > ' io discreie < h ? 

5 i x > ,» s t <el , a > > > - so KkK r iiu a 

25 black diagram * Fig. I ? may fee realised t software wnhra a ah'igie { or eS n < d-gba! 
yr:>.:e-a;a de.vice(s), "Ore digital processing deyke(s) rosy include, lor exrrrrgde, a general 
x »j p as f rroces OSP e< i s > J set computet 

II > > * » u'n i jt . <> r«\3\ 

w\ , ^.O ' v , A r - > > n , H Ukj > ^ * « U 

I tt e\C < s e< g, t > > m « s n tl h '! * i 

> n on vo« HvkI eofiodl $ n 1 > o . trearolirnn >c 



disc! v J.re. This mmhm oi disclosure is not to be uuwpreted as rdlectmg m roleatioa feat 

> .u i coi. 1 tvj'tiK t . ; vn i M^ r > c . w < ,iui k»dKl 

! > ,1 i < - " s O- Oi *J 

\ though 1 5€ pre ! 1 N ! ■> ! 1 

v ooo no ts o u I > o-o I o ^ m n r h ico ^ to 

u. io ' <v «> v v. * <• » vW* s k« w ' » CiliU 

f , X t » , J t » ! v l « . , « I ' j ' > f * < M »U 



What is claimed is: 

1... An apparatus comprising: 

a > ^ phase shifter to provide sunnier dependent phase shifts to in s it 
v^t, J, u. t t \ - - N > 

i o ^ >. 1i « > * o - , >> >« - ; 

i s« \ u >sv i»» it ><> ' ! nn o> *» ' en -> v 
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-s - - ^< -K.-. 1 f : ' v i ^'i 

s < ,n N i, ( ) ! ; \ i ' 'K\ Pi! - i 

vi< hoh > d \ ^ i > > ^> < ! ' « 

sb i {< I ' Ivi ,1UJ 

IS; t\o«lm m o u>*o > -wnn , nenot > t 

jvo ; :;notJ»\ f s - ! - » « ! !l 

v uu sash drsi uwera< hv 1 a t * 1 n t > da tfe a tinx 

h si « ,to r? > o <. d s K * <>i v i » ^tO t, lU»f - VX! v 1 v h . 

iircoi;-] antanoa path. 

20 3. The apparatus of claim 2, furthes comprising; 

n ' or symbols ,^-conny svah seat OFDM „ >e* :- generate m phase shifted 

rnodaia < svnshoh, whence s at least one other phase h » t )> different ' > * <- 

dependent phase shaft to said >" symhoh than said dee and second phase shifters; 

25 and 

at least one other irreexse drsoreie i f ». h " unit to convert said dtherpha.se 
o \ «< ! < v. * 1 < «. * <> <■ >n 

cepr-iar-iatiou, 

4. h S s epparao-isofelairn 2 t wherein 



p 

(FFT) units. 

,1 Ph | os of c! n 

6. < \ 0> ( i *t - >i 

O I \ i CO! > V v> ^ . V . , lx 

^ !) 1, X> 1 \ \\l l\ <> > 5 ! 

(SVC Ut WlMl HN .Cf.P.hO.H VOf I)U \ '< 1 I « hMtflf 

s. s u i U si n> u i 1 v *> % l x 

t | > 1 I '0 X J k S J v \ . . 

< ^> i < itu eepcn>km u*vop tJ 
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said ntou - it of ao * o i , «.o 'o oe c ah ^ \i ^T^M moo, < \ <V .»:hcj 
s \ c <, » « ',(. . f '» s u -1 v o - ^ <^ nx.hu u 

^ , in } }j a , <0s , , s U . vbJ>-<! rsvrnho s j euO it< 0%: 

j tk < i ^Mi t M<i H >m, lr, t!< .th t oust 

shifted symbols, 

.1 L , ,M u 1 < > x ^ ! 

^■pv^vj^o a f rn :,t nluvoo shift to said tlo-t symbol ooeh.aieo applying a phase shift Phot ft 
(l i < , ? i ! > ' " I I 1 

i :?. I nuiu i ! n n N l un 

n i * ui * a to :x u i n » ^ * m associated with said M^-o xx> 
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fspplymg » first phase s < sold first syufixh meftofe applying a phase shirt that is 
obatod to an op , t ^ a ! of a <. » » » n eba>me], 

H, Vi; of oho 0 - Mil 

. hirst and second phase shifted symbols ate to be ' 'Md ' troxo a > » m antenna; 

and 

^o td method bother eotopmes: 

appt ins o hini phases? do Mi n riboi tl i ? dependant «por tJ 

moo s, a ido-o oio-.se * \ s apihiern m v n gin no -bed. > 



it anteasa 

15 An ip; a ( »i <^ j ^ - 

t no i t v . t s al i » 2 x « * » x U 

\<* , \ x > > f ^ « ! 

o M t » ^ * » x ^ - i ! < * i! ^ 

vvlth Utast > of said N spatial strains. 

16. w. •> i <i »n ^hescitv. 

- dM mi ^ > t > 5 ar« 

said apparatus i>»fi a: incite* a first uh-ch* disoae § onries transform unit wi&fe 

vat iMf ! i a * ' i !tl 'MIS s m HH < b 

1?. The app^-mtus of - > > 5 ; v2iaod.a: 

x <tl si u 0 ^ « ^ ^ > » » « < 's ^ > , . i 'If ' 

18, > \ * } 

20. m n > ! > n 

baj-e ! ana-nuting 



\\ o dw? s><^ * a n ' X i >oa; ? 

II 

-\ H <-„ifu auipalcV N , tntc J du- oS rio !»U\^s>K^\!^l^M Ou 
> < - < i ct . 

22 } ! f 1 s 

ooaa code, said I 1 EC coder to dsbver encoded dao bid to as taqrat ofdasd mapper. 

ii ii ^ < lO'Ji 

i \ > ! , j i O > ? , b ! 

» 0 < Ml O v> t < ! { v v , » V i' . ^ V -0 Vi 

10 eo >f a . 1 asl a > pads streams 

v 0 i, «. XH VI O , ' it, * > UOON 

N , i4 | >*i n i ii m t. i u \K on, b ca i Mix used *or 

SOX ( 00 d-i S h \ * i 

15 25 I ho ,v^<)>« <i ..Ura 15, wherein: 

j «. , , n N ^ < < v , a s k i si n 

oae > ! s - .. x s ' . o ^ 

26, N - s> ~ so cornpnsa 2 

20 !N ^ s t s t ] ! v . ' < 1 < > a f > 

s associated wife &o ^ i »» frequency si iu , ! k (OFDM) signal to 
gaoerac; ftrsi phase abdhed aaxhdaooo n . » o v < o« > > < n « i. o symbols correspond 
vmJ>c cve^coP eOrm; , u l 

. first tn- discrete Fourier n o ( to eooveti said tost phase shifted 
25 , > M X jo a ^ s " * tv do a v . i : c> < . 



* :• : <s?m>m in I t vm>inar? 

W 

I f " » be ^ .torn o ^i,'.v,i \ ' - i T 1 > ° 

5 > jmmv , h i • > 

28 i I '< system >i claim. 27 > oni 
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